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I 
ABSTRACT 
 
In biology, cells are the fundamental units and the essential elements of life. Cells contain to some extent 
a wealth of information to self-determine their fate, but they also interact with others in a way that 
impacts their fate. Therefore, an important question is to control the extent of self- vs. mutual fate, i.e. 
the relative contribution of internal vs. external determinants in the processes by which cells make 
individual decisions. The epithelial to mesenchymal transition (EMT) is one important process that 
epithelial cells undergo in some circumstances whereby epithelial cells lose their epithelial features and 
change to mesenchymal cells. To be specific, the function of EMT destroys cell-cell junction, changes 
cell morphology and affects motility of cells. Aside from many EMT-inducing factors, a very effective 
way is to use the transforming growth factor beta (TGF-β). My work is part of a project that aims at the 
following question : when a cell is triggered undergo EMT, does it respond in a way that depends on 
other cells, and more specifically, does that response depend on whether or not neighboring cells have 
also been triggered or not. My work is firstly, to verify the effect of TGF-β with different conditions 
through immunofluorescence method. Also, I conducted long-term imaging experiment, exploring 
cellular characteristics and morphological difference under the TGF-β. Our preliminary experiment was 
to trigger the EMT by uncaging a molecule that is supposed to induce EMT. The most important point 
to think about is the possibility to make cells damaged owing to UV light. In this project, I aim at 
observing the effect on epithelial cells under different dose of UV exposure to identify toxicity of UV 
light. Its toxicity was checked through flow cytometry with apoptosis markers. 
 
Key word: Epithelial to mesenchymal transition (EMT), transforming growth factor beta (TGF-β), 
Optogenetics, UV light illumination 
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1 INTRODUCTION 
 
1.1 Research Background and key question 
 
The fundamental unit of every living organisms is the cell. Cells collectively build tissues and these 
tissues constitute organs and organisms [1]. The structure and function of these organs and organisms 
rely on cellular interactions. Interactions between cells and their environment play important roles in 
life [2]. In other words, the behavior of any individual cell is under the control of its internal 
determinants (genetic and biochemical information) and external determinants (influences given by 
other cells and the milieu). The study of the influence of these determinants on cellular behaviors has 
been done with multicellular level, not a single cell [3]. During embryonic development, for instance 
[4], cells do cooperate, i.e. make decisions that result from a complex blend of its differentiation 
capacity and external signals. In that sense, the properties of cells measured on ensemble of cells reflect 
the combination of intrinsic properties of individual cells, as well as the properties of their interactions. 
As a consequence, the cause for the abnormal behavior of a cell is not necessarily to be looked for in a 
defect of that cell, but in possibly defective external signals. A key question therefore stands out with 
respect to how cells determine their behavior and fate: how much of what we observe is the result of 
self-determination vs. mutual determination. The issue is the one of cell autonomy vs. mutual control: 
how individual cells, small group of cells, homogenous populations or heterogeneous populations will 
make a difference in cell biological experiments. 
２ 
1.2 Epithelia as an experimental model 
 
In human body, there are four different types of tissues: epithelial, connective, muscle and nervous 
tissue. Among them, interactions are readily observable in epithelial tissue made up of epithelial cells, 
which make up most our organs’ surface area [5]. The epithelial cells are classified according to the 
number of layers and the shape of the cells. The simple epithelia are composed of a single layer of cells 
whereas the stratified and pseudostratified epithelia are organized with multilayer of cells. Also, 
depending on polarity, cohesiveness and the role of barrier, epithelia are characterized into three 
different types such as squamous, cuboidal and columnar [6] (Figure 1.1). 
Also, the epithelia has a variety of intercellular junctions which help to anchor and 
communicate between cells or between a cell and extracellular matrix (ECM). Although these 
intercellular junctions consist of different protein complexes, the roles of each junctions are analogous, 
forming extracellular adhesive contacts as well as regulating gene signaling pathways [7]. Among them, 
the adherens junctions (AJ) play a fundamental role in maintaining tissue organization. AJ comprise 
desmosomes and hemidesmosomes junctions. The major transmembrane proteins of the AJ are α-
catenins, β-catenins and cadherins including E(epithelial)-cadherin, N(neural)-cadherin and 
P(placental)-cadherin [8]. These membrane proteins require to understand cellular dynamics. More 
specifically, the cytoplasmic region of the cadherin binds with β-catenin and then the β-catenin binds to 
α-catenin. These binding complexes link the cadherin to actin cytoskeleton. Thus, the interactions 
between the cadherin-catenin binding complexes and the actin microfilaments of the cytoskeleton build 
a strong adhesion between cells [9]. The binding complexes mediate intercellular signals which 
influence on cell morphology, cell migration and cell polarity [10, 11].  
A second class of intercellular junction is tight junctions (TJ) which are located at apical region 
of the cells. TJ are essential diffusion gates controlling a variety of ions and solutes based on charge 
and size. By allowing selective diffusion mechanisms, TJ are involved in maintenance of homeostasis 
of cells, tissues and organs. In addition, TJ inhibit the inadvertent mixing of apical and basal membrane 
proteins as a barrier function [7]. The exact functional and molecular roles of TJ are unknown [12], but 
several well-known proteins take part in the formation of TJ. The two major transmembrane proteins 
which consist of TJ are claudins and occludins [7, 13]. The last type of intercellular junctions is gap 
junctions (GJ). GJ are involve in cytoplasm connection between two cells as well as direct exchange of 
ions and small molecules. The main players in these functions are connexin proteins which are needed 
to from a functional central pore [14]. 
Epithelial cells with these intercellular junction proteins play a role of dynamic barriers to 
cover and protect the surface of the organisms from the external environment. Additionally, another 
well-known function of epithelial cells is to have secretory potential [15]. For instance, certain types of 
tissue composed of epithelia cells, such as epithelium of ovum and epithelium of gut, exhibit diverse 
３ 
secretory functions. The secreted substances, like enzymes, hormones, and surfactants from 
endocrine/exocrine cells associated with epithelium, are delivered to the rest of epithelium or apical 
fluid compartment [16]. These transferred substances influence on cell growth and cellular metabolisms. 
Why choose epithelia as a model to study our key question, which is to understand the extent 
of cell autonomy vs. mutual determination of cell fate decision? Because no epithelial cell can be 
epithelial alone (i.e. establish junctions), being epithelial requires the presence of neighbors. In other 
words, for a cell to be epithelial requires internal determinants (i.e. the capacity to interact with other 
cell and create an epithelium) and external determinants given by the presence of neighbor to interact 
with. The epithelial phenotype is therefore intrinsically collective and relies on internal and external 
determinants. 
４ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 Representation of the different types of epithelia. 
The epithelia are categorized by three different types depending on the number of layers and the shape of cells. The simple 
epithelia are composed of a single layer (A) whereas the stratified epithelia are formed with multilayer (B). In case of 
pseudostratified epithelia, they look like having multilayer because of their elongated shape (C). The red line indicates that 
how many nuclei exist in given width/area. Adapted from [6] 
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1.3 Epithelial to Mesenchymal Transition 
 
An epithelial to mesenchymal transition (EMT) is a very important phenomenon that has been attracted 
to research, but there still remain unknown functions in biology. It consists in epithelial cells losing 
their main epithelial features and changing to mesenchymal cells. This concept of EMT was firstly 
described by Elizabeth Hay in the early 1980s [17, 18]. The process of EMT is a topic that is often 
discussed in various fields including embryonic development, cell migration, wound healing, tissue 
regeneration and cancer study [19, 20]. EMT is a biological process by which epithelial cells degrade 
the interaction with basement membrane and lose their polarity. Epithelial cells which lose their 
characteristics become mesenchymal cells which have migratory properties, invasiveness, resistance to 
apoptosis and production of ECM components via biochemical processes [21]. Many biological 
molecules are engaged in EMT induction. The EMT is induced by signals destabilizing cell-cell junction, 
changing cell morphology and affecting motility of cell. The shifted gene expression pattern from 
epithelial cells to mesenchymal cells, is a part of EMT. Epithelial cells have adhesion structures such 
as E-cadherin, claudins and occludins while mesenchymal cells have N-cadherin, fibronectin and 
vimentin [22] (Figure 1.2).  
EMT occurs in diverse biological settings that lead to different functional consequences. EMT 
is classified into three different classes. More specifically, type 1 EMT is associated with embryogenesis, 
implantation and organ development. In type 1 EMT, generated mesenchymal cells (primary 
mesenchyme) have a possibility to undergo a reverse EMT which is a similar but a reversible process 
known as mesenchymal to epithelial transition (MET). In contrast to type 2 and 3 EMT, these 
mesenchymal cells do not cause fibrosis and spread through the circulation. Normally, type 2 EMT 
relates to wound healing, tissue repair-related and organ fibrosis process. The generated fibroblasts 
induce a systematic regeneration process to reconstruct damaged tissues. Finally, type 3 EMT refers to 
cancer pathology and the formation of migratory metastatic cells. It happens from neoplastic cells which 
suffer genetic and epigenetic changes. These type 3 EMT is commonly studied in tumor development 
and cancer progression because the genetic changes influence on oncogenes and tumor suppressor genes 
[21, 23, 24]. Although these three different types of EMT are described as distinct biological events and 
functions, the underlying molecular mechanisms are connected with diverse phenotypic programs [25]. 
 The most effective way to induce EMT is to use the transforming growth factor β (TGF-β) that 
phosphorylates and activates Smad complexes. More specifically, TGF-β binds to type I and type II 
serine/ threonine kinase receptors [26] and stimulated TGF-β complexes phosphorylates intercellular 
signaling effectors, Smad2 or Smad3. The phosphorylated Smad complexes bind to Smad4. These 
complexes are translocated into the nucleus and interact with three major EMT transcription factors 
(EMT-TFs) such as Snail, zinc-finger E-box-binding (ZEB) and Twist [26, 27]. These EMT-TFs result 
in repression of the epithelial genes and activation of the mesenchymal phenotype in EMT. The 
６ 
repression of the epithelial phenotype is easily distinguishable through losing an expression of E-
cadherin. Among these EMT-TFs, the Snail protein family including Snail1 and Snail2 are key in 
repressing epithelial gene expression by binding to the promoter region of the E-cadherin and inducing 
histone modification [28, 29]. To sum up, the Smad complexes induced by TGF-β activate Snail proteins 
and then these proteins repress E-cadherin expression through binding to its promoter region. This 
complicated chain reaction causes EMT [28]. Except Snail protein family, ZEB and Twist are also EMT-
TFs to regulate downstream expression of TGF-β target genes. Also, EMT can be induce by the Wnt 
and Notch pathways, cooperating with the TGF-β signaling pathway [30] (Figure 1.3). Many 
extracellular factors activate several EMT pathways that regulate the repression or activation of EMT 
target genes. This suggests that the exact pathways to regulate EMT are not clear, but the cooperation 
of each signaling pathways can play a prominent role in EMT induction. 
 How can we detect EMT event? In morphological detection, various biomarkers can be used 
to assess the changes in repression or activation of EMT. Among them, cytoskeletal markers and cell 
surface markers are commonly utilized to figure out EMT. As I discussed above, E-cadherin expression 
which is a hallmark of EMT can be considered to check regulation of EMT. Some reports show that the 
repression of E-cadherin during EMT is correlated with loss of epithelial phenotype [31]. However, this 
correlation is problematic because another reports suggest that the repression of E-cadherin is not a 
necessary indicator of EMT [32, 33]. Cytoskeletal makers including vimentin which is highly expressed 
in mesenchymal cells are alternative biomarker to track invasiveness of the cells [23]. Beside above 
biomarkers, there are distinct biomarkers including cell surface proteins (N-cadherin and OB-cadherin), 
cytoskeletal markers (α-smooth muscle actin and β-catenin) and ECM proteins (fibronectin and 
collagen). However, EMT can’t be explained by a single biomarker and a variety of markers should be 
considered. 
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Figure 1.2 Epithelial to Mesenchymal Transition (EMT). 
The epithelial to mesenchymal transition called EMT is a process that epithelial cell transform into mesenchymal one. During 
a considerable variance of epithelial cells, they lose their adhesion characteristics and functions. E-cadherin, epithelial integrin 
and cytokeratin intermediate filaments shown in green are replaced by N-cadherin, mesenchymal integrin and vimentin shown 
in blue. Adapted from [22] 
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Figure 1.3 Signal transduction pathway associated with EMT. 
Schematic represents the TGF-β activation pathways to regulate EMT. A tetrameric complex of type I and type II receptors 
(TβRI and TβRII) bound with TGF-β stimulate Smad2 or Smad3. The Smad complexes phosphorylated and activated by TGF-
β, a major inducer of EMT, bind to Smad4. These binding complexes are translocated into the nucleus and then repress or 
activate the expression of target gene. Adapted from [30] 
９ 
2 THEORETICAL DEVELOPEMEMT 
 
2.1 Sociological Perspectives 
 
The basic meaning of EMT is that cells lose their polarity or junctions with neighbors. For the same 
reason, no cell can be fully epithelia if it is alone and no single cell can undergo EMT without perturbing 
its neighbors. As a consequence, a concept might be considered that a cell triggered to undergo EMT 
will do so more easily if its neighbors are also triggered. Along with the same logics, could we imagine 
that a cell will not undergo EMT when triggered by a given cause, if its neighbors do not receive the 
same cause? The question that raises here has to do with the “social” aspects of how cells respond to 
EMT induction, and at least two possible schematic scenarios can be thought of (Figure 2.1). One 
hypothesis in the situation of heterogeneous EMT induction is phenotypic suppression, by which EMT-
induced cell becomes stabilized via interactions with non-induced neighbors. This possible outcome 
was described by H. Rubin, not for EMT, but for the transformation process [34]. In contrast to the 
phenotypic suppression, another hypothesis is phenotypic propagation, where non-induced cells 
respond to their adjacent induced neighboring cell and become mesenchymal cell without receiving the 
trigger. In this case, the dissociation of epithelial would be measurable through morphological detection. 
The exact answer is unknown whether EMT-induced cell receive signals from its neighbors and become 
stabilized or EMT-induced cell makes its neighboring cells to be destabilized. 
 Two hypotheses are studied by using stable cell lines which express a recombinant protein that 
can in principle trigger EMT upon the uncaging of a caged version of molecules. Using this model 
system, EMT is triggered by light and this allows us to distribute EMT induction according to controlled 
light patterns. The preliminary experiment is done with black insulating tape acting as a mask to block 
or illuminate selected portion of the cell culture plate. Using cultures at 100% confluency, illumination 
masks with radial or stripe pattern are placed under the culture plate. Another approach is to resolve the 
photoactivation pattern in a single cell level, and to test how cells respond when they are activated by 
alone, of by clusters, or any geometry. 
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Figure 2.1 Two hypotheses of social behavior in epithelial cells. 
The photoswitchable fluorescent protein, Dendra2 helps to identify whether cells undergo EMT or not. Green nuclei represent 
that cells are not activated by UV light. Cells containing green nuclei are expected as epithelial cells. On the other hand, red 
nuclei are indicator to show cells are illuminated with UV light. Cells with red nuclei are expected as mesenchymal cells. 
１１ 
2.2 Optogenetic Approach 
 
Firstly, former colleagues designed the model to control and to observe the EMT expression. A type of 
epithelial cells, Madin-Darby Canine Kidney cells (MDCK), are modified as cells containing a fusion 
protein of SnailERT2 so called MDCK-Snail-ERT2. The Snail proteins, as I mentioned previous section, 
are fused to a part of the estrogen receptor 2 (ERT2), which does not contain the DNA binding domain 
but binds to the hormone and is translocated to the nucleus when bond [35]. If there is no ligand to bind 
with ERT2, the fusion proteins are sequestered in the cell’s cytoplasm bound to hsp90. The fusion 
proteins of SnailERT2 are activated and translocated into the nucleus when binding to specific agonists.  
 Next, utilization of caged system being regulated by UV illumination (365nm) is a useful way 
to control the EMT expression. Generically, caged molecules are designed not to bind to their receptors, 
but, when uncaged by UV light, they do so. In the present case, a caged component that freely passes 
through cell membrane is used, while the uncaged version does not, and therefore gets trapped inside 
of the cell. An initial caged molecule is derived from tamoxifen (a ligand of ER). The artificial steroid 
tamoxifen is easily degraded by UV light [35]. The second best is to utilize cyclofen that is stronger 
than tamoxifen as a ligand for induction of EMT. A caged molecule is derived from cyclofen. The 
uncaged cyclofen triggers the SnailERT2 protein to translocate into nucleus, and expectedly to induce 
EMT (repression of E-cadherin expression and expression of vimentin) (Figure 2.2).* 
 To control the activation process, the study to know the extent of photoconversion, i.e. the 
relative amount of caged and uncaged molecules after UV illumination is needed. There is indeed no 
direct way to know that the conversion process is completed. One method to pre-calibrate the effects of 
UV light is to check the photoconversion of a caged version of p-nitrophenol, which is known to follow 
a similar photoconversion kinetics. This has been checked but is not done here. To trace which cells 
have received light activation, the study of Dendra2 fluorescent protein, switched from green to red 
fluorescence upon UV illumination, is needed [36, 37] (Figure 2.3). By fusing Dendra2 protein with 
histone H2B, the photoconverted cells can be effectively tracked by checking cells containing red nuclei 
[38]. Herein, I would like to validate the possible toxicity caused by different doses of UV illumination. 
In addition, I wanted to verify the UV illumination conditions used in induction of EMT through caged 
systems are not lethal to the cells. 
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Figure 2.2 EMT induction in MDCK-Snail-ERT2 cells. 
The EMT induced cells with TGF-β and cyclofen show elongated morphology (B-C) compared to normal cells (A). The 
epithelial cells are represented by the expression level of the adherent junctions, E-cadherin (D-F) and tight junctions, ZO-
1(J-L). The mesenchymal cells are distinguishable through F-actin (G-I) and vimentin (M-O) marker. 
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Figure 2.3 Fluorescence spectrum of Dendra2 protein. 
１４ 
3 MATERIALS AND METHODS 
 
3.1 Cell culture 
 
Wild type MDCK cells were maintained under Dulbecco’s Modified Eagle’s Medium (DMEM) media 
condition (cat. #11885084, Gibco) with 10% fetal bovine serum (FBS) and 1% penicillin and 
streptomycin (Pen/Str) (cat. # 15140122, Life Technologies). A MDCK-Snail-ERT2 Dendra2 cell line 
was received from Curie Institute, Paris, France, and cultivated under DMEM GlutaMAX media 
condition (cat. #10566016, Gibco) with 10% FBS and 1% Pen/Str. And these cells were continuously 
selected through 2 µg/ml Puromycin Dihydrochloride (cat. #A1113803, Gibco). The medium was 
changed every 2~3 days before reaching 80~90% confluency. Normally, cells were grown under normal 
T25 cell culture flask until passage number reaching to 25. The 24-well cell culture plate (cat. #142475, 
Nunc) and microscope cover glasses (cat. #0111520, Marienfeld-Superior) were used for experiments. 
These cells were maintained and incubated under 37℃ and 5% CO2 condition. 
 
3.2 Reconstituting TGF-β 
 
The composition of reconstitution solution recommended by manufacturer is 40 mM HCl and 1 mg/ml 
of Bovine serum albumin (BSA). A 40mM HCl solution was prepared by diluting 41.7 µl of 35% purity 
HCl (cat. #H1012, Biosesang) solution with nuclease-free water up to total volume 10 ml. The 
reconstitution solution was filtered with 0.22 µm sterile-filter (cat. #SLGP033RB, Merck Millipore) 
and then aliquoted into 1.5 ml sterile E-tube for storing at -20℃. The 2 µg of TGF-β (cat. #P01137, 
R&D Systems) was reconstituted with 100 µl sterile reconstitution solution. The aliquoted TGF-β 
solutions were store at -20℃, as the reconstitution solution. The whole process was done under the 
hood. 
 
3.3 TGF-β induction 
 
Cells were incubated under phenol red-free media to enhance signal-to-noise ratio during the 
fluorescence imaging. The phenol red-free media were supplemented with FluoroBriteTM DMEM media 
(cat. #A1896701, Gibco) and 100X GlutaMAXTM supplement (cat. #35050061, Life Technologies). 
Attached cells were rinsed twice with 1X phosphate-buffered saline (PBS) and starved for 24 hours 
with starvation medium (FluoroBriteTM DMEM media containing GlutaMAXTM, 1% Pen/Str and 2 
µg/ml Puromycin without FBS). After 24 hours, the cells were rinsed again and then incubated with 
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normal condition medium (FluoroBriteTM DMEM media supplemented with GlutaMAXTM, 10% FBS, 
1% Pen/Str and 2 µg/ml Puromycin) containing 10 ng/ml diluted TGF-β. 
 
3.4 Long-term imaging 
 
The IncuCyte ZOOM®  Live cell imaging system (Essen BioScience) is a well-known long-term live 
cell imaging modality. Cells plated on normal 24-well cell culture plate or 24-well ImageLock 
microplate (cat. #4365, Essence BioScience) were incubated for 2~3 days into incubator. The plated 
cells containing with conditioned imaging medium (FluoroBriteTM DMEM media containing 
GlutaMAXTM, 1% Pen/Str and 2 µg/ml Puromycin, with or without FBS) were observed with IncuCyte 
automated imaging system. Imaging was done by Plan Fluor 10x/0.3 and Plan Fluor 20x/0.45 objectives. 
The fluorescence excitation spectrum of green and red is 440-480 nm and 504-544 nm, respectively. 
The emission spectrum is 565-605 nm for green and 625-705 nm for red. 
 
3.5 ImageJ analysis 
 
Images were analyzed through ImageJ freeware with Plugins. 
Template matching and slice alignment: The sequenced images were imported under ImageJ software. 
Template matching plugins were run, to get rid of slight movement of the image during the experiments. 
The landmark for alignment was decided by using a square-type region of interest (ROI) selection tools. 
All the images in the stack were aligned. 
 
3.6 Immunofluorescence 
 
Approximately 2x105 cells/ml were plated on 12 mm microscope cover glasses. Cells were cultivated 
for 2~3 days and then rinsed twice with 1X PBS. Cells were fixed in room temperature with 3% 
paraformaldehyde (PFA) and 0.1% glutaraldehyde (GA) in PBS. After 10 minutes fixation step, samples 
were rinsed twice quickly with 1X PBS. To reduce background signals, cells were incubated with a 0.1% 
solution (1 mg/ml) fresh sodium borohydride (NaBH4) at room temperature for 7 minutes and then 
rinsed three times quickly with 1X PBS. Cells were treated with blocking buffer (3% BSA and 0.2% 
Triton X-100 in PBS) on the rocking platform at room temperature for an hour. Primary antibodies 
diluted in blocking buffer were added on samples. The appropriate dilution concentrations of primary 
antibodies were indicated on following section 3.7 and Table 3.1. Cells were incubated on the rocking 
platform at room temperature for an hour and then rinsed once quickly with washing buffer (0.2% BSA 
and 0.05% Triton X-100 in PBS) and washed twice with washing buffer on the rocking platform for 5 
minutes each. Secondary antibody diluted in blocking buffer were added to each samples. Usually, the 
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dilution factor of secondary antibodies is 1:100. After 20 minutes at room temperature on the rocking 
platform, cells were rinsed once quickly with washing buffer and washed twice with 1X PBS on the 
rocking platform for 5 minutes each. Finally, cells were fixed again with fixation buffer (3% PFA + 0.1% 
GA) at room temperature for 5 minutes. Then samples were washed three times with 1X PBS and stored 
away from light at 4℃. 
 
3.7 Antibodies 
 
Primary antibodies: E-Cadherin (mouse, cat. #610181, BD Biosciences), Mitochondria (rabbit 
polyclonal, cat. #sc-11415, Santa Cruz Biotechnology), Tubulin (rat monoclonal, cat. #ab6160), 
Vimentin (mouse monoclonal, cat. #180052, Life Technologies), ZO-1 (rabbit polyclonal, cat. #617300, 
Invitrogen), F-actin (phalloidin conjugated with Alexa Fluor®  647, cat. #A22287, Life Technologies). 
 
 
 
Secondary antibodies: The 1 mg of Alexa Fluor®  647 Carboxylic Acid (cat. #A20106, Life 
Technologies) was dissolved in anhydrous dimethyl sulfoxide (DMSO) and aliquoted into sterile E-tube 
for storing at -20℃. A 50µl of unconjugated secondary antibodies were incubated with 8µl of 1M 
Sodium bicarbonate (NaHCO3) and 0.8µl of Alexa Fluor®  647 at room temperature on the rocking 
platform for approximately 30 minutes. To increase reaction volume, 1X PBS was added up to 200µl. 
The reaction solution was running through a Nap-5 gel filtration column (cat. #17-0853-02, GE 
Healthcare) washed three times with 1X PBS. After the last drip was sucked on the top of the filter, the 
fastest running colored band was collected into new sterile E-tube. The concentration of Alexa Fluor®  
conjugated antibodies was measured through UV spectrometer, Nanodrop.  
Unconjugated secondary antibodies: Donkey-anti-rabbit secondary IgG (cat. #711-005-152, Jackson 
ImmunoResearch), and Donkey anti-rat (cat. #712-005-153, Jackson ImmunoResearch), Donkey-anti-
mouse secondary IgG (cat. #7151-005-150, Jackson ImmunoResearch) 
 
3.8 Image acquisition 
 
The stained samples were mounted with ProLong®  Gold Antifade reagent (cat. #.P36930, Life 
Technologies). The mounted samples were observed by using Nikon Live cell instrument microscope. 
Imaging was done by Plan Apo VC 100x/1.4 oil immersion objective with 480 nm and 630 nm 
Table 3.1 Dilution factors of primary antibodies. 
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excitation spectrum. In photoconversion experiment, images were observed by using S Plan Fluor 
20x/0.45 objective with 480nm and 525nm excitation light. The various filter combination used for 
imaging are summarized in the following Table 3.2. Images (2048 x 2048 pixels) are acquired by Digital 
CMOS camera (cat. #C11440-22CU, Hamamatsu). 
 
 
 
3.9 Photoactivation 
 
A 365 nm collimated LED light source (cat #.M365L2-C4, Thorlabs) was used with other optical 
components to construct a simple UV illumination platform. The maximum UV beam power is 
approximately 80 mW. In Figure 3.1, 365 nm UV light was reflected off a 45 degree mirror to irradiate 
samples located on top of the stage. 
 
3.10 Flow cytometry 
 
Close to 100% confluency cell cultures were illuminated with UV light. After illumination, cells were 
washed once with pre-warmed PBS and trypsinized for 7 minutes in incubator (37℃, 5% CO2). The 
trypsinized time for UV illuminated samples was around 12 minutes which was relatively longer than 
normal case because UV light probably makes cross-linking between cells and plate. The trypsinized 
cells were collected and centrifuged for 3 minutes at 1100 rpm at 4℃. The pellet was gently re-
suspended in 500µl - 1000µl volume of FACS solution (PBS + 2% FBS), and washed/centrifuged three 
times with fresh FACS solution. The samples were placed on ice and wrapped with aluminum foil to 
prevent photobleaching. The analysis was done by FACSVerse (Becton Dickinson, IBS-CGI facility). 
The 488nm laser was utilized for detecting FITC and PE channels. To do proper compensation, three 
types of samples (Wild type MDCK, green only MDCK-Snail-ERT2 H2B-Dendra2 and red MDCK-
Snail-ERT2 H2B-Dendra2) were applied before flow cytometry analysis. 
 
 
Table 3.2 Excitation and emission wavelength on Nikon live cell imaging system. 
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Figure 3.1 Optical setup for homogeneous UV illumination. 
The 365nm LED is collimated with f=40mm focal lens (A). The generated light is reflected off a 45 degree tilted mirror (B) 
and then illuminates samples located on top of the stage (C). The maximum light power is approximately 80 mW.  
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4 RESULTS 
 
4.1 Validation of different EMT inducing conditions 
 
Herein, the morphology of cells is monitored in different EMT inducing culture conditions. First, the 
effect of different concentration of TGF-β is examined (not shown in here). There is no significant 
difference among 3ng/ml, 10ng/ml and 100ng/ml TGF-β after 48 hours. Next, several experiments are 
designed to understand the effect of the culture medium on EMT induction, such as serum-free or TGF-
β-free media. A long-term imaging analysis and immunofluorescence method are introduced to figure 
out the influence the different EMT inducing culture conditions on cell morphology and cell 
proliferation. 
 
4.1.1 Correction of misaligned time-lapse images through ImageJ software 
 
The experiments carried out by former Ph.D. student in our group were essentially monitored by 
inspecting cells after 24 hours later following EMT induction. To broaden the experiment scope, a long-
term imaging system, IncuCyte, to observe cell-cell interactions as well as morphological characteristics 
of cells in time-lapse is used for this purpose. Firstly, when using 3 minutes intervals between frames 
and normal 24-well cell culture plates, almost systematically misaligned images from one frame to the 
next one are found. It is difficult to quantitatively analyze the effect of EMT induction because most 
important thing to consider for the long-term imaging analysis method is to keep monitoring samples 
in the same position. In the time-lapse images, if observed images are drifted and moved, misaligned 
images make it difficult to explain the distribution or the morphology of the cells. Figure 4.1 shows 
results of drift correction. The yellow boxes represent the exact same location on the images. The first 
row (Figure 4.1 A, B and C) indicates that location of cells is changed over time, even for short intervals. 
To overcome this problem, one of ImageJ plugins sources called template matching and slice alignment 
is utilized. As shown in second row (Figure 4.1 D, E and F), all the images are well aligned. 
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Figure 4.1 Correction of misaligned images for long-term imaging analysis. 
The time-lapse images taken at 3 minutes intervals are observed by IncuCyte. The yellow boxes shown in images represent 
the same position on the images. The misaligned images (A-C) are corrected by using template matching and slice alignment 
ImageJ plugins (D-F). (Scale: 100µm) 
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4.1.2 Comparison study on the different EMT inducing conditions 
 
By using image alignment method, the analysis of cell morphology and proliferation rate depending on 
serum-free or TGF-β-free condition can be possible. The normal EMT inducing experimental condition 
by which cells can be incubated for 24 hours with serum-free media (starvation condition) and then 
induced TGF-β for 48 hours, is set as a standard EMT inducing condition. To compare the traditional 
EMT inducing method with negative control condition, four different combinations (inducing TGF-β-
free with serum, TGF-β with serum, TGF-β-free with serum-free and TGF-β-free with serum-free) are 
designed. Figure 4.2, Figure 4.3, Figure 4.4 and Figure 4.5 represent morphological variations under 
four different media and TGF-β combinations. The plated MDCK-Snail-ERT2 H2B-Dendra2 cells 
show morphological difference through phase images (First row of each figures). Under normal 
incubation, the cells tend to spread more (Figure 4.2 A and D). Compared to the normal condition, the 
area of cells tends to shrink under starvation condition (Figure 4.4 A and D). As shown in Figure 4.3 G 
and J, the effect of TGF-β does not show any big difference. However, cells obviously changed to an 
elongated morphology in the presence of TGF-β. Also, the relation between four different combinations 
and the cell division rate with fluorescent signals (Second row of each figures) can be monitored. The 
green fluorescent detection channel in IncuCyte is effectively used to detect the GFP-like signal 
expression which is useful to count the number of nuclei conjugated with Dendra2 photoswitchable 
proteins.  
The IncuCyte provides not only imaging but also analyzing programs. The IncuCyte software 
automatically measures confluency from the total occupied surface area and the number of nuclei on 
the all images. In third row of Figure 4.2, Figure 4.3, Figure 4.4 and Figure 4.5, the area with yellow 
color represents the confluency (%) of cells and blue color shows the number of nuclei. The software 
detects the confluency of cells based on phase difference between cells and their background. Some 
images may not distinguish phase information of cells from the background signals, but most analyzed 
images to measure the confluency are well-matched with phase images of the cells. The fact that 
IncuCyte software does correctly analyze confluency by comparing its performance with a manual 
quantification of confluency is checked. Detection of nuclei can be done with same way as measurement 
of the confluency. The green fluorescent signals can be quite distinct from background signals, so that 
nucleus in each images can be detected. Same as confluency measurement, I checked that the IncuCyte 
software does correctly count the number of nuclei by comparing its performance with a manual 
quantification of counted nuclei. Based on analyzed images, the trend and changes can be obtained over 
time. Figure 4.6 and Figure 4.7 indicate the measured confluency and the counted number of nuclei, 
respectively. Also, the plated cells with different initial concentration show a bit different trend as shown 
in Figure 4.6 and Figure 4.7. The blue, green and red lines indicate that initial seeding density of cells 
is high, middle and low, respectively. There are no significant difference depending on the different 
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initial seeding density. However, if the initial confluency of cell is over 50%, it tends to reach full 
confluency (100%) after 3 days.  
Same as expectation from phase images, the confluency of cells decreases for starved cells 
(Figure 4.6 C and D), but remains stable in normal condition (Figure 4.6 A and B). The effect of TGF-
β on confluency seems to be abrupt increase of confluency followed by a plateau or a decrease, while 
both normal and starved conditions without TGF-β lead to a linear increase of confluency. 
In Figure 4.7 A and B, the number of nuclei linearly increases under normal condition. In the 
case induced TGF-β, the number of nuclei increases slowly and reaches a plateau. Additionally, the 
average surface area of single cells by calculating the ratio of confluency to number of nuclei is 
quantified. The measured imaging area is 1.87 mm2 (see equation below). 
 
 
 
The graphs shown in Figure 4.8 indicate the area of single cell calculated by total cell surface 
divided the number of nuclei. In Figure 4.8, the average single cell area decreases with time in both 
starvation and normal conditions. After normal condition, the single cell area is slightly expanded 
regardless of TGF-β (Figure 4.8 A and B). In contrast, the area of single cell is sharply expanded after 
starvation (Figure 4.8 C and D). In addition, the variation of single cell area is big when initial 
concentration of cells is low (red line). These observations of the single cell area have to do with the 
average single cell area, 〈𝜎single cell〉. However, when cells are not confluent, they organize as clusters, 
in which one expects cells to spread more easily at the periphery compared to the center of clusters. If 
this is true, a change of 〈𝜎single cell〉 could well reflect a change of the relative numbers of peripheral 
vs. “inside cells.” This point deserves a more detailed analysis that is not carried out here.  
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Figure 4.2 Incubating MDCK-Snail-ERT2 H2B-Dendra2 with serum and then without TGF-β. 
Cells are imaged after incubating 24 hours with serum and then 48 hours without TGF-β media. The first and second row 
indicates the phase and green fluorescent images, respectively. The third row shows the results of confluency and number of 
nuclei under IncuCyte analysis program. (Scale: 300µm) 
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Figure 4.3 MDCK-Snail-ERT2 H2B-Dendra2 incubating with serum and then with TGF-β. 
Cells are imaged after incubating 24 hours with serum and then 48 hours with TGF-β media. The first and second row indicates 
the phase and green fluorescent images, respectively. The third row shows the results of confluency and number of nuclei 
under IncuCyte analysis program. (Scale: 300µm) 
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Figure 4.4 Incubating MDCK-Snail-ERT2 H2B-Dendra2 with serum-free and then without TGF-β. 
Cells are imaged after incubating 24 hours with serum-free and then 48 hours without TGF-β media. The first and second 
row indicates the phase and green fluorescent images, respectively. The third row shows the results of confluency and number 
of nuclei under IncuCyte analysis program. (Scale: 300µm) 
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Figure 4.5 MDCK-Snail-ERT2 H2B-Dendra2 incubating with serum-free and then with TGF-β. 
Cells are imaged after incubating 24 hours with serum-free and then 48 hours with TGF-β media. The first and second row 
indicates the phase and green fluorescent images, respectively. The third row shows the results of confluency and number of 
nuclei under IncuCyte analysis program. (Scale: 300µm) 
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Figure 4.6 Confluency of epithelial cells depending on serum and TGF-β condition. 
Measured confluency of the cells over time remains stable in normal condition (A and B), whereas the confluency of the cells 
in starvation condition decreases (C and D). Although the effect of TGF-β is not clear depending on four different 
experimental conditions, the confluency is sharply increased and then decreased (A and D). In contrast to induction of TGF-
β, in normal condition, the confluency shows a continual increase.  
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Figure 4.7 Counted number of nuclei depending on serum and TGF-β condition. 
In a normal experimental condition (A and B), the number of nuclei linearly increases. In comparison, it is hard to decide the 
effect of starvation (C and D). After inducting TGF-β, the number of nuclei increase slowly and tends to reach a plateau. 
Blue, green and red lines indicate that initial seeding density of cells is high, middle and low, respectively. 
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Figure 4.8 Effect of serum and TGF-β on average surface of single cell area. 
The total cell area divided by the number of nuclei represents the average area of single cell. Red, green and blue lines in the 
graph show low, middle and high initial number of cells, respectively. Both normal and starvation condition, the single cell 
area decreases during the first 24 hours. Comparing to normal condition (A and B), the single cell surface sharply expands 
after starvation condition (C and D). Also the low initial concentration of cells tends to show quite a shift in all graph (red 
line).  
３０ 
4.1.3 Optimazation of EMT markers through immunofluorescence 
 
To assess the response to serum and TGF-β induction, in this part, immunofluorescence (IF) 
experiments are performed. The IF imaging technique is utilized to aim at measuring the effect of EMT 
induction on the expression and localization of a few proteins that are known to respond to EMT 
induction, either positively or negatively. Initially, distinct concentrations of primary antibodies were 
tested before optimization of the IF concentration to enhance the signal generated by each antibodies 
(not shown in here). Next, secondary antibodies targeting to each primary antibodies are selected 
because the spectrum of second antibody should not overlap with the spectrum of Dendra2 protein. 
Alexa Fluor®  647 fluorophore is selected as a secondary antibody in this experiments. Unconjugated 
anti-rabbit, anti-mouse and anti-rat are combined with Alexa Fluor®  647 fluorephores. To verify the 
labeling ratio of each secondary antibodies, the absorbance of samples is measure through Nanodrop. 
Following the equation represents the way to calculate molar labeling ratio. According to the Beer-
Lambert Law, the concentrations of antibody and dye are calculated. The labeling ratio of anti-rabbit, 
anti-mouse and anti-rat is 1.05, 0.6 and 0.88, respectively. The anti-mouse antibody contains limited 
amount of conjugated dye. 
 
Figure 4.9 indicates the result of immunofluorescence of each intercellular structures. The 
GFP-like signal comes from the unconverted Dendra2 protein, and the RFP-like signal reflects different 
stained structures, depending on the primary antibody. Herein, five different markers of EMT and one 
normal intercellular marker are used to stain the cells. E-cadherin, as mentioned previously, is 
considered a basic marker of EMT by indicating the presence of adherens junctions. Also, the cells are 
stained with tight junction marker, ZO-1. These two markers are considered as epithelial markers and 
expected to decrease or relocalize during the EMT. In contrast to expression of epithelial markers, 
mesenchymal cell marker, including vimentin and F-actin, are used in this experiment. The overall 
morphology of cell are elongated under EMT condition (second row and fourth row). The TGF-β 
disrupts the structure of E-cadherin (Figure 4.9 A-D) and ZO-1 (Figure 4.9 U-X). The mesenchymal 
maker of F-actin (Figure 4.9 E-H) represents stripe morphology under TGF-β condition. Comparing to 
F-actin, another mesenchymal maker of Vimentin’s expression (Figure 4.9 Q-T) is difficult to explain 
the effect of EMT. Except to EMT marker antibodies, normal cellular marker of Mitochondria (Figure 
4.9 I-L) and Tubulin (Figure 4.9 M-P) help to understand the elongated morphology of cells. 
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Figure 4.9 EMT induction in MDCK-Snail-ERT2 H2B-Dendra2 cells. 
The epithelial expression marker of E-cadherin (A-D) and ZO-1 (U-X) appeared under no TGF-β condition. The ZO-1 shows 
destroyed structure when EMT induced. Comparing to epithelial expression markers, the mesenchymal expression marker of 
F-actin (E-H) represents stripe pattern under TGF-β condition. Without TGF-β, the F-actin looks well-organized structure. 
Another mesenchymal marker, Vimentin (U-X) is hard to distinguish the difference with and without TGF-β. Normal 
intercellular markers, mitochondria and tubulin, indicates that the morphology of EMT induced cells become elongated. 
(Scale: 30µm)  
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4.2 Photoswitchable fluorescent protein in the photoactivation event 
 
4.2.1 Experimental distribution of homogeneous UV light 
 
The intensity distribution of UV light used in the experiment is shown in Figure 4.10. To generate 
homogeneous UV illumination, it is necessary to deposit the collimated light source on the exact 
position of the cell culture plate. The power detector is placed beneath one directional stage and the 
power of collimated UV light is measured via a small area of detector, 0.07 cm2 probing the resolution 
of illumination area. The diameter of cover glasses used for IF experiment is 12 mm and the diameter 
of 24 well cell culture plate used for long term imaging experiment is around 15.6 mm. From the 
maximum intensity value, the diameter of 10% and 20% below is around 9 mm and 12 mm, respectively. 
 
4.2.2 Validation of photoconversion effect on fluorescent protein, Dendra2 
 
Before starting experiments, it is necessary to assess the photoconversion of Dendra2 protein. To check 
the functionality of this protein, cells expressing the Dendra2 on H2B are illuminated with UV light 
under the same settings described in previous section 3.9 and 4.2.1. By using UV illumination system 
and fluorescence microscopy, photoconversion of the H2B-Dendra2 is measured as a function of 
illumination time. The GFP-like signal that is present when cells are not exposed to UV light can be 
assessed through GFP detection channel in the microscopy. Photoconverted Dendra2, having a RFP-
like signal, can be detected when cells are illuminated with UV light. In Figure 4.11, each rows show 
the bright field images, that are useful way for finding same imaging position, and fluorescent images 
with increased exposure time. The intensity is 0.07 W/cm2. After 180 seconds (i.e. 12.6 J/cm2), the RFP-
like signal starts to appear (Figure 4.11 F) and the GFP-like signal becomes dimer. This 180 seconds 
time point is used in most previous experiments. In Figure 4.11 O, the shifted Dendra2 is distinguishable. 
These photoconversion effect is calculated quantitatively with ImageJ software. The value of 
integrated pixels on GFP-like and RFP-like signal is measured. In Figure 4.12, the plotted graph shows 
that GFP-like signal decreases whereas RFP-like signal increases over UV illumination time. Although 
the initial value of the red Dendra2 integrated over the whole image should be zero, the accumulated 
background signal of each images makes a noisy information which means that the initial value of red 
Dendra2 is not zero. As a result, it is possible to use H2B-Dendra2 as a tool of detecting illuminated 
cells. However, the experiment for measuring toxicity of UV light is required to verify the influence on 
illuminated cells. Although photoconversion event is not reversible, RFP-like signal decreases over 
time because the photoconverted Dendra2 molecules may be divided during the cell division. Therefore, 
continuous cell division may generate a weaker RFP-like signal and measurement time should be 
considered, i.e. practically measurement after 24 hours is easy, after 48 hours is more difficult. 
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Figure 4.10 Distribution profile of experimentally designed UV illumination system. 
In the plotted intensity distribution, the 10% and 20% value from maximum value cover around 9 mm and 12 
mm illumination area, respectively. 
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Figure 4.11 H2B-Dendra2 green to red photoconversion in MDCK-Snail-ERT2 cells. 
The bright field images (First row) help to find out same location after continuous UV light illumination. Depending on 
increased illumination time, the GFP-like signal from Dendra2 disappears (Second row) and the RFP-like signal of Dendra2 
appears (Third row). (Scale: 100µm)  
(12.6 J/cm2) (25.2 J/cm2) (50.4 J/cm2) (88.2 J/cm2) 
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Figure 4.12 Validation of photoconversion effect through integrated pixel value in each images. 
The GFP-like signal and the RFP-like signal of Dendra2 decreases and increases, respectively as UV light illumination time 
goes. 
３６ 
4.2.3 Quantification of photoconversion effect with flow cytometry 
 
With flow cytometry, the photoconversion of Dendra2 protein can be quantified as a function of light 
dose measured in J/cm2. Four different batches of cells illuminated with different doses (0 J/cm2, 13.5 
J/cm2, 40.5 J/cm2 and 81 J/cm2) are prepared and each samples are analyzed via flow cytometry. 
Different doses are delivered with 65 mW/cm2 intensity and different illumination time corresponding 
0 minutes, 3 minutes, 10 minutes and 20 minutes. As shown in Figure 4.13, the green-red pair of 
channels (FITC-A and PE-A channels) are used to analyze the different population patterns. There is no 
RFP-like signal prior to UV illumination (Figure 4.13 A) and most population of cells have GFP staining. 
When the cells are exposed to UV light, flow cytometry analysis data reveals that GFP-like signal is 
shifted to RFP-like signal. The population of cells is not clearly shifted, indicating the gradual 
appearance of a red Dendra2 fluorescence with a moderate decrease of its green component. As a result, 
it is interesting point to note that the RFP-like signal is always accompanied with the GFP-like signal. 
In other words, a small portion of the cells does not undergo photoconversion even if all the cells are 
illuminated. The exact reason why the Dendra2 protein does not respond to the UV light is unknown, 
so that further study of Dendra2 is needed. 
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Figure 4.13 Representation of cell population in different UV illumination time. 
Different UV light illuminated cells are quantitatively analyzed by using flow cytometry. Non illuminated MDCK-Snail-
ERT2 H2B-Dendra2 cells have only FITC signal (A). As increased UV irradiated time, the population of MDCK-Snail-ERT2 
H2B-Dendra2 tilted counterclockwise (B, C and D). Green and red signal are acquired through a 488/15 BP filter and a 586/42 
BP filter in front of a PMT, respectively. 
Dose = 0 J/cm2 Dose = 13.5 J/cm2 
Dose = 40.5 J/cm2 Dose = 81 J/cm2 
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4.2.4 Measurement of apoptosis in different UV illumination time 
 
One of adverse effect of UV light is to gradually induce apoptosis. Using the same UV illumination 
parameters described in previous section 4.2.3., MDCK-Snail-ERT2 H2B-Dendra2 cells are irradiated 
with different doses of UV light and then apoptosis is observed. With 81.0 J/cm2 dose of UV light, the 
apoptosis practically happens immediately. In Figure 4.14, each row shows different doses of UV light 
and each column indicates time course after UV light irradiation. As shown in Figure 4.14 G and H, the 
illuminated cells with 40.5 J/cm2 and 81.0 J/cm2 doses become dead just after 1 hour compared to Figure 
4.14 E and F. With 0 J/cm2 or 13.5 J/cm2 dose of UV light illumination (Figure 4.14 first and second 
row), the cells are still alive after 23 hours later at least as judged by direct morphological inspection. 
This long-term imaging analysis is done by IncuCyte. Although the data is not clearly shown in this 
paper, apoptosis starts with generating bubble-like shape called blebs, at the cell periphery. It means 
that some intercellular structure of cells are swollen and expanded by apoptosis. Blebbing is a well 
know feature of apoptosis. However, morphological inspection is not a quantitative assessment of the 
apoptotic response. In order to better define UV light dose threshold for apoptosis, a well know 
experiment based on the fact that cells bind Annexin when entering apoptosis should be done. 
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Figure 4.14 Effect of different UV illumination time on cells detecting apoptosis. 
Cells are exposed to different doses of UV light and observed with IncuCyte. Cells illuminated with 13.5J/cm2 dose (Second 
row) seems to be unaffected after 24 hours. However, Increased illumination dose induces apoptosis very quickly (Third and 
Fourth row). (Scale: 300µm) 
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5 DISCUSSION 
 
Epithelial to mesenchymal transition (EMT) is a process by which epithelial cells lose their polarity and 
cell-cell junctions and then become mesenchymal cells that have an ability to express migratory and 
invasive characteristic. The EMT study done by former Ph.D. student was to figure out the cells’ social 
behaviors by using an optogenetic method in order to validate two hypotheses, either phenotypic 
suppression or phenotypic propagation. In my master’s thesis statement, the present study aims at 
investigating the effect of various parameters such as TGF-β and UV light which are related to EMT 
induction on cell growth, spreading, expression of EMT markers and toxicity. Based on this 
fundamental work to induce EMT through optical stimulus, the ultimate goal is to assess the extent of 
cellular autonomy or interdependence, i.e. to understand how cells mutually interact depending on the 
internal or external determinants. 
 
5.1 The effect of TGF-β on cellular morphology using long-term imaging 
 
Initially, MDCK-Snail-ERT2 H2B-Dendra2 cells are used to demonstrate the effect of TGF-β on 
morphology of the cells. Like normal EMT experiment, I expected that cells might lose their cell-cell 
junctions as feature of EMT and become elongated if EMT was induced. To know the morphological 
variations of the cells under EMT induction, a long-term imaging system is introduced. As result of the 
long-term imaging experiment, I observed that different responses to normal medium, starvation 
(needed for TGF-β induction) and TGF-β itself. After 3 days observation, overall cells tend to shrink 
by 35% in starvation (serum-free condition) compared to normal condition. To study about cell 
spreading and growth rate more quantitatively, automatically confluency-measurable and nuclei-
countable program in the IncuCyte is used for imaging analysis. As a consequence, the confluency of 
cells tends to decrease under the starvation circumstances so that I concluded that the cells shrink in 
starving conditions because the number of nuclei is still increasing. After induction of TGF-β, I can’t 
find any significant effect of TGF-β on cell spreading and division, but the cells tend to spread more 
after starvation. Herein, the long-term imaging system is utilized to identify the cells’ morphological 
variations under different conditions. However, the long-term imaging system is not good enough to 
observe intercellular structures. Therefore, immunofluorescence method is needed.  
 
5.2 Response to TGF-β of EMT related proteins 
 
To uncover the effect of TGF-β on the expression of different EMT related proteins, various biomarkers, 
including E-cadherin, F-actin, vimentin and ZO-1, are stained here. In epithelial cells, I expect to see 
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E-cadherin at junction, but also to see it disappears upon TGF-β stimulation. Unfortunately, it is hardly 
to look at obvious E-cadherin activation and repression, probably because of the titration of the 2nd 
antibody. Therefore, it must be redone. On the other hand, the expression of tight junction marker, ZO-
1 show up in untreated cells and disappear upon TGF-β induction. With TGF-β induction, the ZO-1 
proteins show disorganized structures. In addition, F-actin and the expression of Vimentin are appeared 
with TGF-β. In case of F-actin, elongated structures like fibers are found. In case of Vimentin, I can’t 
see variations with TGF-β and this can be explained by the fact that cells are exposed to TGF-β for 24 
hours only. A general remark must be made here. EMT is generally assessed by various features after 
4~7 days incubation time with TGF-β. In the present case, cells are incubated and observed here after 
48 hours, because the Dendra2 photoconversion signals used to track photo-induction fade out after 48 
hours. Therefore, other photoconversion proteins should be considered not only to increase TGF-β 
incubation time but also to track photoconversion signals.  
 
5.3 Toxicity of time-dependent UV light illumination 
 
One of EMT inducers, caged cyclofen, is controlled by 365 nm UV light. This photoconversion process 
is done with 13.5 J/cm2 dose. This dose is adjusted in reference to the uncaging efficiency of caged p-
nitrophenol which has a similar photoconversion cross-section. However, the non-toxicity of 13.5 J/cm2 
dose of UV light should be checked. Herein, the designed experiments are done to identify the effect of 
UV light. With increasing UV illumination times, the signal of photoswitchable fluorescent protein, 
Dendra2 is shifted from green to red. Although the observed data with microscopy and flow cytometry 
shows the change of Dendra2, the non-toxicity of UV light should be assessed quantitatively with 
apoptosis indicators such as Propidium iodide (PI) or Annexin, both in flow cytometry and microscopy. 
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6 CONCLUSION 
 
Understanding how cell responses, such as the EMT, depend on cell neighbors, is key question in cell 
biology. The photoachivable chemicals are introduced to study the social aspect of EMT. The cells used 
in our group, MDCK-Snail-ERT2 H2B-Dendra2 cell can serve as cellular model for the EMT under 
activation of caged cyclofen with UV light illumination. In this work, the effect of TGF-β inducing 
EMT on cell spreading and division rate is observed. The cells tend to shrink and elongate depending 
on culture conditions. Especially, in serum-free condition, the cells shrink. The following questions are 
still needed to answer: How different the spreading and growth are affected by the peripheral or central 
location of cells? Another work in my master’s degree is to verify non-toxicity of 13.5 J/cm2 dose of 
UV light which is needed to photoachivable EMT. The photoconversion effect of Dendra2 proteins is 
measured and checked with microscopy and flow cytometry. By illuminating cells with different doses 
of UV light, the fact that 13.5 J/cm2 dose does not induce apoptosis is observed. In order to quantify 
apoptosis, next plan is to use apoptosis markers such as PI and Annexin. This Annexin experiment are 
the last experiment needed to be fully confident about our method for optical induction of EMT.  
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